also stipulated that the relationships described by the routine-failure trade-off are likely affected by contextual elements. We therefore also sought to identify possible contextual factors that could impact the applicability of the routine-failure trade-off. Our secondary objective was to introduce and investigate the hypothesis that the functional structure of the task is relevant to the impacts of automation, in addition to characteristics of the automation itself. In particular, we postulated that the effects of automation on task performance and SA are limited to functions where there is a direct mechanistic link to the automated function(s). We broach this topic by first addressing the predominant model of LOA and illustrating how task functional structure is extraneous to the concept of LOA but vital for the routine-failure trade-off.
Characteristics of Automation and Tasks
A function can be defined in terms of the physical and information manipulation as well as the function allocation between agents responsible for performing it. These two elements form the basis of the types and levels taxonomy of automation (Parasuraman, Sheridan, & Wickens, 2000) . The "type" dimension of this taxonomy uses a simple fourstage version of the information processing model comprising information acquisition, information analysis, action selection, and action implementation. The "level" dimension refers to the extent to which an automated agent is responsible for carrying out a given function.
However, the taxonomy does not explicitly address the relationships between functions within a task. The hierarchical multi-loop nature of many complex control systems is such that functions exist at different layers of abstraction from system goals (Lorenz, Di Nocera, & Parasuraman, Display integration enchances information sampling and decision making in automated fault management in a simulated spaceflight micro-world, 2002). Clearly, the effects of automation are not expected to manifest only in the function that is directly augmented by automation; the practical purpose of automation is to enhance performance of the end goal. Rationally, performance of the intermediary functions must also be improved. However, in complex tasks, functions may be separate in that they work through independent mechanistic sequences to achieve the same goals, or different goals entirely. This is illustrated in a hierarchical task analysis as parallel branches of means-ends links. Functions in separate parallel branches do not have a causal relationship and as such, performance in one should not be linked to performance in the other.
One exception to the above is that resources which are shared between functions may affect functionally distinct branches of a task. Resources freed by alteration of one function (i.e. through automation) may be reallocated to the other. The resource distributed to functions in the routinefailure trade-off is attention, as indicated by cognitive workload. Thus, this theory is untestable except where workload alleviating effects of automation (task shedding) are eliminated by removing the operator's capacity to reallocate attention, for example by designing a task with both temporally and functionally separate branches.
METHOD Participants
24 students (11 male, 13 female) participated in the study. None had prior experience with the Cabin Air Management System (CAMS) microworld. Participants received $60 upon successful completion of the study. Ages ranged from 18 to 42 years (M=22.2). Data from two participants were removed for failing to follow task instructions.
Apparatus: AutoCAMS
The Cabin Air Management System (CAMS) microworld simulates a generic life support system (Hockey, Wastell, & Sauer, 1998; Sauer, Hockey, & Wastell, 2000a; Sauer, Wastell, & Hockey, 2000b) . Participants fill the role of a system operator whose task is to maintain a livable environment through the management of five cabin parameters (O 2 , CO 2 , pressure, temperature and humidity). The five parameters are maintained in the normal range automatically by inner control loops which are supervised by an outer control loop. The operator serves as the controller in the outer loop, diagnosing faults in the inner loops as they arise. When any of the system parameters deviate from the normal range, a visual alarm alerts the operator to take action. The operator must then gather information such as tank levels and flow rates to diagnose the system fault. Once the fault is identified, the operator sends a repair order, which takes 60 seconds to complete. During the repair time, the operator must intervene in the inner control loop and manually maintain the affected parameters in the appropriate range. The process for correcting faults is thus divided into temporally separate diagnosis and fault-management phases. The implication of their temporal separation is that task shedding in one phase cannot affect workload in the other.
AutoCAMS augments the outer loop with a decision support system, the Automated Fault Identification and Repair Agent (AFIRA) (Lorenz, Di Nocera, Rottger, & Parasuraman, 2002) . AFIRA assists in identifying faults, selecting procedures and implementing control actions. These functions correspond to the information analysis (IA), action selection (AS) and action implementation (AI) stages of automation described by the types and levels model. The automated functions are introduced cumulatively as the information required for later stages is provided by earlier stages. In this way, both the type and level of automation increase simultaneously, a simplification Wickens et al. (2010) refer to as degree of automation (DOA).
A diagram of the functional structure of the task is shown in Figure 2 , including the aid provided by AFIRA to specific functions. Unfortunately, this selective reliance masked the effects of higher level automation on SA and both routine and failure performance. Thus, we could not make a strong conclusion regarding the functional specificity of automation effects on performance measures and situation awareness. However, the results are sufficient to suggest that a task's functional structure may be relevant insofar as it affects the operator's strategic fulfillment of goals. Modification of the task, in this case by introducing a new procedure to report system information, may change the operator's behaviour such that the effects of automation are nullified. In terms of the routine-failure trade-off, it does not seem likely that this contextual factor could change the relationships between costs and benefits of automation. However, it does represent a potential pitfall of research in this area wherein otherwise valid effects could be masked.
Proc

CONCLUSIONS
In conclusion, the routine-failure trade-off was generally supported, though the strength of this conclusion was tempered by a lack of data for the highest LOA tested due to apparent disuse of that specific automated function. Because of this apparent disuse, the hypothesis that the functional specificity of automation effects is linked to functional structure was not successfully tested. Thus, functionally specific selective reliance seems to be a mechanism by which operators can modulate the effects of automation. Selective reliance was therefore identified as a contextual factor that could impact the presence of routinefailure trade-off effects differentially. This may be particularly relevant to SA, where the goal of SA maintenance may not be explicit but inferred from other tasks and responsibilities. Further work is required to investigate the original hypothesis regarding functional specificity of automation effects.
